Carvalho, HM, Coelho e Silva, MJ, Figueiredo, AJ, Gonc xalves, CE, Castagna, C, Philippaerts, RM, and Malina RM. Cross-validation and reliability of the line-drill test of anaerobic performance in basketball players 14-16 years. J Strength Cond Res 25(4): 1113-1119, 2011-This study evaluates the validity and reliability of the line-drill (LD) test of anaerobic performance in 76 male basketball players 14.0-16.0 years of age. The Wingate Anaerobic Test (WAnT) was used as the reference for anaerobic performance. Wingate Anaerobic Test and LD test were moderately correlated (0.39 and 0.43, p , 0.01). Estimated age at peak height velocity (APHV) was moderately, negatively, and significantly (p , 0.01) correlated with WAnT peak (r = 20.69) and mean power (r = 20.71); earlier-maturing players had greater anaerobic power. Training experience was not associated with anaerobic performance, but chronological age (CA) and estimated APHV were significant covariates of the LD test (p , 0.05). National players were better than local players on the LD test (p , 0.01) after controlling for CA and body size. Short-term reliability of the LD test (n = 12, 1-week interval) was good: technical error of measurement = 0.44 seconds (95% confidence interval [CI] 0.31-0.75 seconds), intraclass correlation coefficient = 0.91 (95% CI 0.68-0.97), and coefficient of variation = 1.4% (95% CI 1.0-2.3%). Although the relationship between the LD test and WAnT was moderate, the LD test effectively distinguished local-and national-level adolescent basketball players. In contrast to WAnT, the LD test was not influenced by estimated biological maturity status. Thus, the LD test may be suitable for field assessment of anaerobic performance of youth basketball players.
INTRODUCTION

B
asketball, as many other team sports, involves short, intense, and repeated episodes of activity that require rapid changes in direction (6, 25, 29) . The physical demands of basketball vary with age of athletes, level of competition, and coaching strategies. Given the intermittent nature of basketball (29) , the physiological requirements of the sport place major demands on the cardiovascular and metabolic capacities of the players. Although the majority of play time is devoted to activities aerobic in nature (6, 37) , anaerobic metabolism makes an important contribution to the energy demands of basketball (6) . Anaerobic performance is a predictor of playing time in youth (19) and of playing level (34) in adults.
Field tests of aerobic endurance have been validated in presenior basketball players (11) . In contrast, anaerobic fitness has been ordinarily measured with the laboratory-based Wingate Anaerobic Test (WAnT), which has reasonable reproducibility in adolescent athletes (5) . However, its specificity for athletes in noncycling sports has not been established.
Several repeated-sprint tests have been proposed for the field assessment of anaerobic performance (22, 36, 43) . The line-drill test (LD) has been proposed as a viable and practical test of the anaerobic performance of basketball players in field conditions (35) . Although there is interest in the LD test and emerging evidence of its applicability to anaerobic fitness assessment (2, 11, 17, 18, 31) , most of the available data were collected using manual chronometers, which may be a source of variability in estimates of reliability and validity.
Physiological tests are often included in talent identification test batteries using a multidimensional approach (12, 33, 40) . Mid-to late adolescence in male players, about 14-16 years, is often considered as an initial phase for prediction of success in basketball and other team sports (32) , in part, because most boys have progressed through the adolescent growth spurt, although interindividual variability is considerable (28) . It is possible that the concurrent validity between laboratory and sport-specific field tests is affected by maturity status of adolescent players in addition to chronological age (CA) per se and years of training in the sport.
The purpose of the present study was to determine the reliability of the 140-m LD field test of anaerobic performance and to examine its relationship with the WAnT in youth basketball players 14-16 years of age. The study also examines the relationships between the anaerobic tests controlling for CA, years of training, and estimated biological maturity status, and the effectiveness of the field and laboratory protocols to distinguish adolescent basketball players by competitive level (construct validity).
METHODS
Experimental Approach to the Problem
The study is cross-sectional in design. Given the importance of anaerobic energy supply (34) and basketball-specific movement demands (6, 29) , a running field test involving shuttle running over 28 m (approximately court length) as in the LD test may be a practical alternative to laboratory assessments of anaerobic capacity in basketball.
Reliability in the LD test was based on replicate tests in a subgroup within a period of 3-5 days. To examine criterion validity, LD performance was compared with WAnT power outputs, using the latter as criterion or gold standard. After reliability and criterion validity were established, construct validity was examined by comparing anaerobic performance of adolescent basketball players of different competitive levels. Additionally, CA, years of training in basketball, and estimated biological maturity status were statistically controlled to determine if criterion validity and concurrent validity between laboratory and sport-specific field tests were affected by maturation in addition to age and years of training in the sport.
Subjects
The sample included 76 male basketball players 14.0-16.0 years of age at the time of testing. All players were of Portuguese ancestry except for 4 who were of African ancestry. Players were classified as under 16 (U16) by the Federac xão Portuguesa de Basquetebol (Portuguese Basketball Federation). Two competitive levels were represented in the sample: national and local. The former included 24 players who regularly trained at the national center for elite basketball players, whereas the latter included 52 players from 5 locallevel clubs. Participation in the study was voluntary. Each participant's parents or legal guardians provided written informed consent before participation in the study. Players also provided informed consent. The nature of the study and any possible risks associated with participation were explained to the youth and parents in compliance with the Declaration of Helsinki. All procedures were approved by the Scientific Committee of the Faculty of Sport Science and Physical Education of the University of Coimbra.
Procedures
Chronological age was recorded to the nearest 0.1 year by subtracting birth date from the date of the mid-testing period. The variables considered in this study were part of a larger battery of observations made on the players over a 1-month interval. Stature and sitting height were measured with a portable stadiometer (Harpenden model 98.603; Holtain, Ltd., Crosswell, United Kingdom) to the nearest 0.1 cm. Body mass was measured with a portable balance (Seca model 770; Seca, Hanover, MD, USA) to the nearest 0.1 kg. Leg (subischial) length was estimated as stature minus sitting height. Anthropometric dimensions were measured by a single individual following the procedures described by Lohman et al. (26) . Intra-observer technical errors of measurement (TEM) for height, sitting height, and weight were 0.27 cm, 0.31 cm, and 0.47 kg, respectively, which were well within the range of intra-and interobserver errors in several surveys in the U.S.A. and a variety of field studies of young athletes (27) .
Age at peak height velocity (APHV) was estimated with the maturity offset protocol (30) . The technique estimates time before or after peak height velocity (PHV) from CA, height, sitting height, and estimated leg length (height minus sitting height) in centimeters, and weight in kilograms as follows: Years of training was obtained by interview and confirmed in the online database of the Federac xão Portuguesa de Basquetebol (14) .
Anaerobic Testing
Subjects were instructed not to eat for at least 3 hours before each testing session and not to drink coffee or beverages containing caffeine for at least 8 hours before testing. Assessments were made at the same time of the day (6:00-7:00 PM for field tests, 3:00-6:00 PM for laboratory tests). Subjects wore similar clothing and the same footwear on each testing occasion.
The anaerobic tests were completed within a 2-week period, with at least 48 hours between test sessions. Data collection for national-level players occurred in the last week of September, the early phase of the season. Data collection for local-level players was completed during a pre-competitive period in December.
After a standardized warm-up, athletes completed the 30-second WAnT test (23) on a friction-loaded cycle ergometer (Monark 824E; Monark AB, Varberg, Sweden) that was interfaced with a microcomputer and calibrated for pedal speed and applied resistance. The resistance was set at 0.075 kg (0.74 N) body mass. Wingate Anaerobic Test began with minimal resistance (basket supported) at 60 rpm. On the command ''go,'' the resistance was applied abruptly and simultaneously the computer was activated. Athletes remained seated during the test and were verbally encouraged for an allout effort throughout the test. Measurements included anaerobic peak power (PP; highest mechanical power generated any 5-second period) and mean power (MP; average for the 30-second period). Both were expressed as watts.
In the LD protocol, subjects ran 140 m as fast as possible in the form of 4 consecutive shuttle sprints of 5.8, 14.0, 22.2, and 28.0 m on a regulation basketball court. Athletes began the test behind a starting gate of photoelectric cells (Globus Ergo Timer Timing System; Globus, Codognè, Italy) set at 1 m of the baseline of the basketball court. Time was recorded by the split gate placed on the baseline where athletes changed directions in the shuttle runs ( Figure 1 ). Verbal encouragement for an all-out effort was given throughout the test.
Statistical Analyses
Descriptive statistics for CA, training experience, anthropometric dimensions, estimated APHV, and anaerobic performance were calculated. The assumption of normality was checked by the KolmogorovSmirnov test, with Lilliefors' significance correction, and by visual inspection of normality plots. No assumptions were violated.
The TEMs, coefficients of variation (CVs), and intraclass correlation coefficients (ICCs) were calculated based on the replicate tests of anaerobic performance (20) . Uncertainty in the difference between the first and second trials was expressed as the 95% confidence interval (CI). Data were checked for heteroscedasticity using plots of the log-transformed data, and reliability measurements (absolute and percent typical errors) were calculated (9).
Pearson correlations were calculated between each anaerobic indicator (LD, PP, and MP) and CA, estimated APHV, and training experience. Correlations between the field (LD) and laboratory (PP and MP) anaerobic indicators were calculated first as zero order and then as partial correlations controlling first for CA and estimated APHVand then for CA, stature, and body mass. Using Hopkins (21) as a guide, correlations were considered as trivial (r , 0.1), small (0.1 , r , 0.3), moderate (0.3 , r , 0.5), large (0.5 , r , 0.7), very large (0.7 , r , 0.9), and nearly perfect (r . 0.9).
Anaerobic indicators (LD, PP, and MP) were also compared between elite and local-level players using one-way analysis of variance and analysis of covariance (ANCOVA; with CA, estimated APHV, and body size as covariates). Significance was set at p # 0.05. Statistical analyses were performed using SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA). 
RESULTS
Characteristics of the total sample of youth basketball players are shown in Table 1 . All maturity offset values were positive except one, indicating that the sample was beyond the age at maximum growth rate in height during the adolescent spurt.
Reliability
The difference (mean of mean differences) between trials of the LD test was 0.2% (95% CI 21.0 to 1.4%), which corresponded to 0.05 seconds (95% CI 20.35-0.45 seconds). The TEM was 0.44 seconds (95% CI 0.31-0.75 seconds); the CV, 1.4% (95% CI 1.0-2.3%); and the limit of agreement, 4.3% (Figure 2 ). The retest correlation was 0.91 (95% CI 0.68-0.97).
Validity
Correlations between anaerobic indicators and CA, estimated APHV, and basketball experience are summarized in Table 2 . Correlations between CA and PP (r = 0.36) and MP (r = 0.35) were significant (p , 0.01) but moderate in magnitude. Corresponding correlations between estimated APHV and laboratory-based estimates of anaerobic performance were higher and significant (p , 0.01), PP (r = 20.69) and MP (r = 20.71). The negative correlations indicated higher PP and MP in earliermaturing players. In contrast, correlations of CA and estimated APHV with LD were low and not significant, r = 0.18 and r = 20.19, respectively. Neither LD nor WAnT was significantly correlated with years of training in basketball.
Correlations between the LD field test and PP and MP based on the 30-second cycle ergometer test are presented in Table 3 . Line-drill time and WAnT power outputs were significantly correlated (p , 0.01): PP, r = 0.39 and MP, r = 0.43, but the correlations were moderate at best. Controlling for CA and estimated APHV did not alter the correlations, but controlling for CA and body size increased the correlations somewhat: PP, r = 0.47 and MP, r = 0.55 (p , 0.01).
Comparisons of players by level of competition are summarized in Table 4 . National-level players had significantly better anaerobic performances than local-level players (p , 0.01). Controlling for CA and body size and for CA and estimated APHV with ANCOVA indicated significant differences between national and local players for the LD test but not for WAnT power outputs.
DISCUSSION
Given the popularity of LDs as a conditioning exercise in basketball training (18), the reliability and validity of the LD protocol under standardized conditions were examined in the context of youth basketball. The running field test of anaerobic performance had high reliability and acceptable validity. The LD test is thus an appropriate field test of anaerobic fitness in adolescent basketball players. The test-retest correlation in the present study, r = 0.91, was consistent with that reported by Harley et al. (16) for 10 subjects, r = 0.93. However, information on measurement procedures and subject characteristics was not reported. The CV in the present study, 1.4%, was identical with that reported by Harley et al. (16) . Although the LD test had good reliability in the subsample of 12 players, performances tended to decline slightly, on average, from the first to the second trials. Additionally, the plot of residuals in the reliability analysis (Figure 2) showed a tendency for residuals to become more scattered about the zero line among athletes with better times. Familiarity with the testing protocol may have contributed to the high reliability because the test is often described as a conditioning exercise for basketball (18) . Intra-and interindividual differences in motivation and fatigue are potential factors that need to be considered when using this anaerobic testing procedure. The low CV, 1.4% (95% CI 1.0-2.3%), suggests relatively little within-subject variation between trials. Both intra-and interindividual variation are reflected in the retest correlation, which indicates the maintenance of group position (rank order) on the tests. Thus, simply reporting the correlation may be an insufficient indicator of reliability (9) .
The cross-validity of the LD test was verified by comparison with the WAnT, which is commonly considered the reference for anaerobic testing. This test has been used extensively and in a variety of settings with pediatric populations spanning childhood through adolescence (5, 38) . In these contexts, the test was highly reliable and sensitive. Adolescent basketball players in the present study generated values of PP and MP (Table 1) comparable to those for male subjects of corresponding ages (1, 3, 7, 24) , allowing for variation in protocols and instruments. Subjects in the present study, however, presented lower values in both PP and MP compared to older adolescent or young adult basketball players 17-19 years of age (2, 18) . This suggests that age per se, late adolescent growth in muscle mass, and perhaps the accumulated effects of training may contribute to the variation in results.
Several authors have suggested that no single test best measures all aspects of anaerobic performance (10, 41) . However, in adults, the metabolic profile of the WAnT is highly anaerobic and is dominated by glycolysis and creatine phosphate breakdown with a minor aerobic component (8) . The present data showed a moderate correlation between performance in the WAnT and the LD test, in particular with MP, suggesting that the LD test may measure in part the same anaerobic properties as WAnT. Although the time to complete the LD test was similar to the protocol of the WAnT, the association between the field and laboratory tests may be influenced by differences in movement patterns, running vs. cycling. A similar observation between LD and MP was noted among 17-year-old basketball players (18) .
The construct validity of a test may be assessed by comparing two different groups of subjects with different abilities (39) . The narrow range of variance in LD values reported in the literature may raise questions about the potential value of the protocol to distinguish athletes by level of ability. The best performances on the LD test among players in the present study were within the range of means (28-30 seconds) reported in several studies of 16-to 19-year-old basketball players (2, 11, 15, 17, 18, 31) . Errors associated with the use of manual chronometers and of different shuttle distances potentially limit generalizations among reported data for the LD test. Photoelectric cells were used in LD testing in the present study and the adolescent basketball players were distinguished by playing ability on the basis of the LD test. The value of this protocol in distinguishing athletes by playing level was highlighted by its independence of estimated maturity status (Table 4) . This is relevant because growth-and maturity-related changes during adolescence need to be considered when evaluating test results and outcomes of talent identification and development programs (32) . Correlations between indicators of anaerobic performance and estimated APHV were negative ( Table 2 ), suggesting that earlier-maturing players have better anaerobic performances under laboratory conditions. In contrast, the correlation between LD performance and estimated APHV was low and not significant ( Table 2 ). The issue of maturity-associated variation in anaerobic performance has not received much attention (42). Some evidence indicated an increase in PP and MP in boys classified as prepubertal, pubertal, and mature (13) . However, CA varied within and among the 3 maturity groups and was not statistically controlled in the analysis. This is relevant because anaerobic performance improves with age during adolescence independently of pubertal status (28) . It is likely that maturity exerts an influence on anaerobic performance via body size and muscle mass. Within a given age-group of adolescent boys, those advanced in maturation are, on average, taller and heavier and have a larger muscle mass than boys later in maturation (28) . Some limited data for adolescent boys suggest an independent maturity effect on PP and MP that was more apparent in the later stages of sexual maturation, specifically, stages 4 and 5 of pubic hair development (4) . Given the age range of the present sample of basketball players, the negative association between estimated APHV and PP and MP was consistent with these observations. Training experience in basketball was not associated with the 3 indicators of anaerobic performance (Table 2 ). It is likely that experience expressed in years was not a sufficiently sensitive indicator of training, that is, intensity and regularity. Potential effects of training on anaerobic performance are also likely confounded by normal growth and maturation during male adolescence.
PRACTICAL APPLICATIONS
The LD test is a sport-specific field test of anaerobic performance in adolescent basketball players. The test provided reliable data and successfully differentiated adolescent players by competitive level. Moreover, LD performance was independent of estimated maturity status in the sample of players 14-16 years of age. As such, the results should be of interest to coaches, sport scientists, and others involved in the selection and development of youth basketball players.
